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Low maternal levels of major circulating form of vitamin D could be a perplexing factor that leads to
expression of gestational diabetes mellitus (GDM). Insufficient or deficient levels of vitamin D may allow
diabetic insult during pregnancy leading to gestational diabetes and inducing changes in a variety of key
functional molecules and gene expression. Autocrine metabolism of vitamin D promotes anti-inflammatory
response to maternal decidua and fetal trophoblasts.  Immunomodulatory actions of vitamin D are likely to
be compromised under conditions of low vitamin D levels with potential detrimental physiological
consequences. Recent data are now available to implicate autocrine/paracrine impact of maternal vitamin
D status can result in both increased insulin resistance and reduced insulin secretion, linking inflammation
to metabolic disorder in the mother. Insulin and cytokines are the main contributors to the cascade of events
and potential regulators of placental function in GDM. This article aims at exploring the possible
mechanisms underlying GDM that could be regulated by pleotropic effects of vitamin D.
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Introduction. Exposure of skin to sunlight results in
the endogenous synthesis of vitamin D and hydroxy-
lation to its active form under the influence of ultra-
violet B (UVB) radiations (wavelength 290–320 nm)
[1]. Vitamin D is then transported to the liver and con-
verted to 25-hydroxy-vitamin D (25(OH)D). There is
no significant storage of 25(OH)D in the liver and is
rapidly released into the blood for a biological half-life
of approximately 12–19 days. In the skin, a plateau of
daily vitamin D production is reached after only 30 min 
of UVB rays [2]. Increased melanin pigmentation of
skin reduces the efficiency of UVB-mediated vitamin
D synthesis and necessitates the increase in exposure
time required to maximize vitamin D formation, but
does not influence the total content of daily vitamin D
production.
In kidneys, 25(OH)D is enzymically converted to
the active vitamin D hormone 1,25-dihydroxyvitamin
D (calcitriol). Renal synthesis of calcitriol is homeosta- 
tically controlled by parathyroid hormone (PTH) [2, 3].
Within the last two decades, the vitamin D receptor
(VDR) has been shown to be present not only in clas-
sical target tissues such as bone, kidney, and intestine,
but also in many other nonclassical tissues, for exam-
ple, in the immune system (T and B cells, macrophages, 
and monocytes), in the reproductive system (uterus,
testis, ovary, prostate, placenta, and mammary glands),
in the endocrine system (pancreas, pituitary, thyroid,
and adrenal cortex), in muscles (skeletal, smooth, and
heart muscles), and in brain, skin, and liver. Besides the 
presence of VDR, different cell types (for example,
keratinocytes, monocytes, bone, placenta) are capable
of metabolizing 25-hydroxyvitamin D to 1,25(OH)2D
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￿  Institute of Molecular Biology and Genetics NAS of Ukraine, 2011 by the enzyme 25(OH)D-1a-hydroxylase, encoded by
the gene  CYP27B1. The combined presence of
CYP27B1 and the specific receptor in several tissues
introduced the idea of a paracrine/autocrine role for
1,25(OH)2D [1]. It is quite feasible for a low vitamin D
status to increase the risk of a wide range of disease
states. A 25(OH)D   level of 75 nmol per 1 l (30 ng per
1 ml) or higher provides adequate substrate for 1-a-
hydroxylase to convert 25(OH)D to its active form,
1,25(OH)2D (1,25-dihydroxyvitamin D) [4].
Serum concentrations of 25D3 below 75 nM are
now considered to be inadequate and are more com-
monly referred to as vitamin D «insufficiency» as op-
posed to «deficiency». We categorized the serum levels 
of 25-hydroxyvitamin D [25(OH)D] as: less than
38 nM (20 ng per 1 ml) as deficient, 38–80 nM (20–
30 ng per milliliter) as insufficient, and 80–150 nM
(30–60 ng per 1 ml) as sufficient [5].
During pregnancy, vitamin D is important for hel-
ping beta cells of the pancreas to keep up with growing
insulin demand. It helps the parathyroid glands make
calcitonin, the hormone that moves calcium into the tis- 
sues where it needs to go. Calcitonin triggers the relea-
se of insulin from the beta cell «pockets» in which is it
stored in the pancreas, keeping up with the greater de-
mand for insulin by mother and developing child [5].
Gestational diabetes. Gestational diabetes melli-
tus (GDM) or high blood sugar (hyperglycemia) that
starts or is first diagnosed during pregnancy is also
known as glucose intolerance during pregnancy. It can
cause the body to be less sensitive to the effect of insu-
lin. These changes can lead to high blood sugar and
diabetes. High blood sugar levels in pregnancy are
dangerous for both mother and fetus. Hyperglycemia is 
the major causal factor in the development of endothe-
lial dysfunction in diabetes mellitus. The mechanisms
underlying this phenomenon are likely to be multifac-
torial [6]. Wolf et. al. [7] suggested that inflammation is 
associated with the development of GDM and may be
another pathophysiological link between GDM and the
onset of future type 2 diabetes.
Placental inflammation and insulin receptors play a 
prominant role in the onset of GDM which could both
be regulated by vitamin D.
Placental development in gestational diabetes.
The placenta is a complex organ playing pleiotropic ro- 
les during fetal growth. It separates the maternal and
fetal compartments, with which it is in contact through
different surfaces. The syncytiotrophoblast exposes the 
placenta to the maternal circulation whereas the endo-
thelium is in contact with fetal circulation. Because of
this unique position, the placenta is exposed to the re-
gulation by hormones, cytokines, growth factors, and
substrates present in both circulations and therefore,
affected by either of them. At the same time, it can pro-
duce molecules that will affect mother and fetus inde-
pendently [8]. 
Placental development involves three distinct pha-
ses. At the beginning of gestation, a series of critical
proliferation and differentiation processes (predomi-
nantly of the trophoblast) lead to the formation of new
villi and extravillous structures. These structures an-
chor the placenta in the uterus and remodel the uterine
spiral arteries into low resistance vessels. The newly
formed villi mature through various steps of differen-
tiation. The end of gestation is associated with pla-
cental mass expansion involving villous growth (Fig.
1). During the first half of gestation in placenta, the
trophoblast is the key tissue that undergoes the most
profound alterations, whereas extensive angiogenesis
and neovascularization occur in the second half of ges-
tation, i. e., the endothelium is the site of the more pro-
minent processes, although there is overlap [9].
Onset of diabetic alterations at the beginning of ge-
station (as in many pregestational diabetic pregnanci-
es) may have long-term effects on placental develop-
ment. These adaptive responses of the placenta to the
diabetic environment, such as buffering excess mater-
nal glucose or increased vascular resistance, may limit
fetal growth within a normal range. If the duration or
extent of the diabetic changes, including maternal
hyperglycemia, hyperinsulinemia, or dyslipidemia, ex- 
ceeds the placental capacity to mount adequate res-
ponses, then it may lead to excessive fetal growth and
macrosomia.
Diabetic condition at later stages in gestation, such
as may occur in gestational diabetes, would lead to
short-term changes in a variety of key functional mole-
cules and the gene expression [10].
Immune response in gestational diabetes. In a re- 
cent study, GDM was linked to the down-regulation of
Th1 (pro-inflammatory T-helper cells) cytokines along 
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cytokines and leptin. Serum adiponectin levels were
decreased, whereas the
  concentrations of leptin, in-
flammatory cytokines, such as IL-6
 and TNF-a, were
significantly increased in gestational diabetic
 mothers
compared with control women. Serum concentrations
of T-helper type 1 (Th1) cytokines (IL-2 and inter-
feron-g) were decreased,
  whereas IL-10 levels were
significantly enhanced in gestational
 diabetic mothers
compared with control women [11].
It has been well propounded that during normal
pregnancy, Th1
 cytokines are down-regulated, whereas 
cytokines belonging to
  Th2 cells (anti-inflammatory
T-helper cells) are up-regulated [12]. Besides, a shift of 
Th1 phenotype
 to Th2 during pregnancy has been sho-
wn to encourage vigorous
 production of antibodies that
not only combat infections during
 pregnancy but also
offer passive immunity to the fetus [13].
 In this study it
was shown that serum IL-2 and IFN-g
 concentrations
are down-regulated, whereas IL-4 concentrations
 were
not altered in gestational diabetic mothers. Interes-
tingly,
 the levels of IL-10, a Th2 cytokine, were eleva-
ted in these
 diabetic mothers. These suggest that dimi-
nished concentrations
 of Th1 cytokines and increased
IL-10 levels may be implicated
 in maintaining the preg- 
nancy in gestational diabetic women.
The placenta (in addition to cells of immune system 
and the adipose tissue) also synthesizes a variety of cy-
tokines, tiering an additional level of complexity to the
immune-metabolic network existing in pregnant indi-
viduals. This raises the possibility that placenta cytoki-
ne production contributes to a low-grade inflammation
developing during the third trimester of pregnancy
[14]. In pregnancy complicated with GDM or obesity,
there is a further dysregulation of metabolic, vascular,
and inflammatory pathways supported by increased
circulating concentration of inflammatory molecules
[15, 16]. Studies of transcriptional profiling have sho-
wn that adipose tissue and the placenta express a com-
mon repertoire of cytokines and inflammation-related
genes, which become over expressed in a diabetic envi- 
ronment [17, 18]. The current view is that placenta in
addition to the adipose tissue, contributes to the inflam- 
matory situation by releasing inflammatory molecules.
Insulin receptors in placenta. The placenta ex-
presses high amounts of insulin receptors relative to
other tissues in the body. Their location undergoes de-
velopmental changes. At the beginning of gestation,
they are located at the microvillous membrane of the
syncytiotrophoblast, whereas at term, they are predo-
minantly found at the endothelium [19, 20] (Fig. 2).
The evidence suggests a shift in control of insulin-de-
pendent processes from the mother at the beginning of
pregnancy to the fetus at the end. The change in insulin
receptor location is paralleled by a change in function,
since insulin-induced gene expression is highest in first 
trimester trophoblast [21]. At term, insulin has a stron-
ger effect on the endothelium than on the trophoblast.
This is important for diabetic pregnancies in general
and for GDM in particular, because it can be assumed
that the fetal hyperinsulinemia will affect the placental
endothelium.
Fetal insulin in normal pregnancies and even more
so in diabetic pregnancies with hyperinsulinemia may
alter the expression of genes [21], or stimulate endothe- 
lial glycogen synthesis [22]. Enhanced glycogenin (the
protein precursor for glycogen synthesis) gene expres-
sion in placenta with GDM has also been reported [10].
It is possible at the beginning of pregnancy, maternal
insulin regulates the placenta by interacting with the
syncytiotrophoblast. This may lead to altered synthesis
and secretion of hormones and cytokines that in turn
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Fig. 1. Development of placenta. Placental development occurs in
three distinct, yet overlapping phases. First half of gestation is pre-
dominantly associated with the trophoblast and the second half of ges-
tation with the endothelium. Vitamin D insufficiency or deficiency
could make it susceptible to develop diabetes changes at later stages in
gestation such as in GDM with short-term effects predominantly on
placental function rather than its structurewill act back on the mother, thus forming a feedback
loop. As gestation advances, the fetus, i. e., fetal insu-
lin, will gradually take over control from the mother
and directly or indirectly affect the endothelium or tis-
sue-resident macrophages [21].
Role of placenta in gestational diabetes. In addi-
tion to immune related cytokines and growth factors,
the placenta synthesizes two adipokines: resistin and
leptin (adipose tissue-specific proteins) implicated in
the regulation of insulin action [23]. The discovery that
some of these adipokines are key players in the regu-
lation of insulin action suggests possible novel inter-
actions between the placenta and adipose tissue in un-
derstanding pregnancy-induced insulin resistance. The
interplay between the two systems becomes more
evident in GDM [10]. Different types of placental cells
produce different cytokines: the Hofbauer cells produ-
ce TNF-a [24, 25], the syncytiotrophoblast is the major 
site of leptin synthesis, trophoblast cells and vascular
endothelium produce IL-6 [26, 27]. Studies of the pat-
tern of production and release of placental cytokines in- 
to the systemic circulation have provided valuable in-
formation relating to their mechanism and site of acti-
on. Leptin and IL-6 are released into the fetal and ma-
ternal systemic circulation. Thus, they can exert endo-
crine action by acting at sites remote from the pro-
duction site [28, 29]. In contrast to leptin, TNF-a is
poorly released from the placenta and hence is more li-
kely to exert local paracrine effects. There is an over-
production of placental leptin and TNF-a in type 1 dia-
betes and GDM [30]. In GDM, the overexpression of
placenta TNF-a is associated with increased fetal adi-
posity [10]. 
TNF-a may also participate in the endocrine me-
chanism of pregnancy-induced insulin resistance by
adding a placental component to the insulin resistance
developing in the mother [29]. 
Hence, the abnormal maternal metabolic environ-
ment (hormones, nutrients, cytokines) may generate
stimuli within the adipose tissue and the placental cells
resulting in the increased production of inflammatory
cytokines. These events link inflammation to metabolic 
changes by enhancing insulin resistance in the mother.
Similar changes occur in the fetal environment in dia-
betes, and elevated levels of insulin, leptin, and other
cytokines have been well documented (Fig. 3). Insulin
and cytokines are the main contributors to the cascade
of events and potential regulators of placental function
in GDM. 
Vitamin D and regulation of insulin levels. The
dependence of normal insulin secretion in pancreatic
beta-cells on vitamin D has been for decades. Experi-
mental studies have demonstrated that a reduction in
vitamin D activity can result in both increased insulin
resistance and reduced insulin secretion [31]. Epi-
demiological data have shown a four- to five-fold hi-
gher prevalence of non-insulin-dependent diabetes in
dark-skinned Asian immigrants in comparison with
British Caucasians indicating that low vitamin D status
may contribute to the pathogenesis of diabetes [32]. In
elderly population the subgroup with the lowest range
of 25(OH)D levels had a significantly higher blood
glucose increase and higher blood insulin increase after 
an oral glucose-tolerance test in comparison with the
subgroup with the highest range of 25(OH)D levels
[33]. Data indicate that vitamin D insufficiency may
result in insulin resistance. 
Results are in line with the suggestion that enhan-
ced levels of TNF-a, a cytokine with is inversely rela-
ted to 25(OH)D and calcitriol promote insulin resis-
tance [34]. 
A severe vitamin D deficiency probably results in
low serum insulin levels indicating reduced insulin sec- 
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Fig. 2. Shift in insulin receptors in placenta with gestational age. Mic-
rovilli expose placenta to the maternal side whereas the endothelium is
in contact with fetal circulation. At the beginning of gestation, the insu- 
lin receptors are located at the microvillous membrane of the syncytio-
trophoblasts , whereas at term, they are predominantly found at the en-
dothelium, suggesting a shift in control of insulin-dependent processes
from the mother at the beginning of pregnancy to the fetus at the endretion [31]. In uraemic patients, administration of vi-
tamin D was able to improve blood glucose levels and
increase serum insulin levels [35]. 
A Case-control study has shown an inverse rela-
tionship between intake of vitamin D supplements or
cod liver oil (a major source of vitamin D in certain
countries) during infancy and development of type 1
diabetes mellitus [36]. Cod-liver oil has a very high vi-
tamin D content. Regular vitamin D supplementation
of 50 mg/d during infancy in the 1960s was associated
with a markedly reduction in the risk of type 1 diabetes
30 years later in comparison with unsupplemented in-
fants. In a more recent cohort, children suspected of ha- 
ving rickets during the first year of life had a threefold
increased prevalence of type 1 diabetes in comparison
with those without such a suspicion [37]. In Germany,
the incidence of type 1 diabetes in adolescents is higher 
in autumn and winter compared with spring and sum-
mer [38]. Autoimmune processes are regarded to play
an important role in the pathogenesis of type 1 diabetes. 
Again, it should be mentioned that calcitriol has im-
munomodulatory properties. Availability of calcitriol
in the cell may thus influence autoimmune processes.
The vitamin D hypothesis is also in line with results
demonstrating that the risk of type 1 diabetes and of ty-
pe 2 diabetes is influenced by the VDR genotype at the
BmsI restriction site [39, 40]. It should be mentioned
that hypertension, cardiovascular diseases, and diabe-
tes mellitus are often associated with obesity. Obese
subjects have an increased risk for low circulating
25(OH)D levels [41, 42] due to the storage of vitamin
D and 25(OH)D in adipose tissue [42]. The alterations
in vitamin D metabolism of obese subjects in compa-
rison with lean subjects are also associated with func-
tional alterations such as elevated PTH levels [41, 42].
Obesity might thus contribute to insufficient circula-
ting 25(OH)D levels. Insulin resistance has been
described in several diseases that increase cardiovas-
cular risk and mortality, such as diabetes, obesity, hy-
pertension, metabolic syndrome, and heart failure.
Vitamin D and immuno-modulation of gestatio-
nal diabetes. Besides kidney, the placenta appears to
be the most abundant source of CYP27B1 expression, a
gene responsible for coding the enzyme 25(OH)D-1-
a-hydroxylase for converting the circulating form of
vitamin D (25-hydroxyvitamin D) to the active form
(1,25(OH)2D). This unique placental capacity to syn-
thesize active 1,25(OH)2D has been linked to an immu-
nomodulatory function for placental CYP27B1 in hu-
mans [43]. It is highly likely that the local synthesis of
1,25(OH)2D in the placenta triggers a novel anti-in-
flammatory target. Placental expression of this gene
CYP27B1 in humans is induced early in gestation (Fig.
3). In humans, the enzyme is strongly expressed in both 
maternal decidual cells and fetal trophoblastic cells, but 
is also detectable in decidual macrophages [44].  In
vitro, 1,25(OH)2D has been shown to suppress IFNg
production by T-cells as part of its modulatory effects
on T-cell phenotype [45]. Thus CYP27B1 may influen-
ce placental IFNg as a consequence of impaired local
synthesis of suppressive 1,25(OH)2D. Over-abundance 
of IFNg, a type T-helper cell (Th1) cytokine, has been
linked to recurrent spontaneous fetal abortion in hu-
mans [46]. In view of the well-recognized ability of
1,25(OH)2D to promote transition from Th1 activity to
more tolerant Th2 responses [47], it is tempting to spe-
culate that loss of 1,25(OH)2D synthesis by the placen-
ta may contribute to a less favorable immune environ-
ment during pregnancy. 
Placental expression of inflammatory cytokines is
part of normal immune function during pregnancy [48], 
but excessive cytokine responses are also known to
play a key role in adverse outcomes of pregnancy
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Fig. 3. Regulation of GDM by vitamin D. Placenta is capable of con-
verting 25 D 3 to the active form 1,25 D 3 due to the abundance of
CYP27B1. Vitamin D regulates the maternal infection, both local and
systemic as well as fetal inflammation. Insufficient levels result in ele-
vated levels of insulin, leptin and cytokines mainly TNF-a and IL-6.
These events skew the metabolic changes towards GDM by enhancing
insulin resistance in the mother[49–52], suggesting a «fine tuning» implemented by
1,25(OH)2D. 
Vitamin D receptors are present in pancreatic В
cells, and vitamin D may augment insulin secretion and 
insulin sensitivity [53] suggesting an endocrine role of
vitamin D in GDM. Insufficient or deficient levels of
vitamin D may allow diabetic insult at later stages in
gestation leading to gestational diabetes and changes in 
a variety of key functional molecules including gene
expression [10]. The hormone is capable of modulating 
the expression of a very large number of genes, possi-
bly up to 10 % of the genome [54]. Moreover, recent
reports demonstrating direct effects of 1,25(OH)2D on
the generation of regulatory T-cells [55], suggest that
impaired synthesis of this hormone in the placenta may
have wider consequences for immune responses during 
pregnancy, even in the absence of a pathogenic
challenge.
This may lead to creating a diabetic environment
comprised of a network of substances (hormones, nut-
rients, cytokines) with altered concentrations (Fig. 1).
Conclusions. It appears that vitamin D insuf-
ficiency during pregnancy (or even pre-pregnancy), is
potentially associated with increased risk of insulin
resistance and gestational diabetes mellitus. It seems
plausible that the rising incidence of diabetes mellitus
might be partly due to the suboptimal vitamin D status
of the population. The evidence from animal and obser- 
vational human studies is compelling; however, be-
cause vitamin D is an excellent marker of general he-
alth status, the positive results reported in the obser-
vational studies might reflect unmeasured and unac-
counted confounding. 
Furthermore, experimental data also anticipate that
vitamin D sufficiency is critical for fetal development,
and especially for fetal brain development and immu-
nological functions. Vitamin D deficiency during pre-
gnancy may, therefore, not only impair maternal ske-
letal preservation and fetal skeletal formation but also
be pivotal to expression of multiple genes during pre-
gnancy, imprinting the health of fetus later in life. Al-
though the existing physiological evidence of GDM
points towards a causal relationship with vitamin D, its
definite involvement is unclear. Vitamin D status as-
sessments in large cohorts with GDM, both pre-pre-
gnancy and during pregnancy are required. Also, vita-
min D supplementation in randomized clinical trials to
assess the specific outcome of pregnancy and overall
maternal and fetal health are essential.
Чандер П. Арора
Роль вітаміну D у мо  ду  ляції гес  таційно  го цук  ро  во  го діабе  ту
Ре  зю  ме
Низь  кий рівень основ  ної цир  ку  лю  ю  чої фор  ми вітаміну D у ва-
гітних може бути фак  то  ром, що вик  ли  кає про  яв гес  таційно  го
цук  ро  во  го діабе  ту (ГСД). Не  дос  татній рівень або дефіцит ві-
таміну D  може  спри  чи  ни  ти  діабе  тич  ний  інсульт  під  час
вагітності і при  звес  ти до ГСД, а та  кож, як наслідок, до змін у
функціону  ванні  різних  клю  чо  вих  мо  ле  кул  та  експресії  генів.
Аутокринний ме  та  болізм  вітаміну D підви  щує про  ти  за  паль  ну
відповідь на де  ци  ду  аль  ну об  олон  ку і тро  фоб  ласт. Іму  но  мо  ду  -
лю  валь  на дія вітаміну D може бути нівель  о  вана за умов його
низ  ь  ко  го рівня і суп  ро  вод  жу  ва  ти  ся не  га  тив  ни  ми фізіологічни  -
ми наслідка  ми. Останні дані де  мо  нстру  ють, що ауто- і пара-
крин  ний вплив вітаміну D у вагітних здат  ний од  но  час  но підви  -
щу  ва  ти стійкість до інсуліну і зни  жу  ва  ти сек  рецію остан  ньо  -
го, по  в’я  за  ну із за  па  лен  ня  ми та ме  та  болічни  ми роз  ла  да  ми у
ма  тері. Інсулін і ци  токіни за  безпе  чу  ють основ  ний вне  сок у кас  -
кад подій та вис  ту  па  ють по  тенційни  ми ре  гу  ля  то  ра  ми пла  цен  -
тар  ної функції при ГСД. Ця стат  тя по  кли  ка  на висвітли  ти 
ре  зуль  та  ти вив  чен  ня мож  ли  вих ме  ханізмів, що ле  жать в ос-
нові ГСД, які, вірогідно, ре  гу  лю  ють  ся пле  йот  роп  ни  ми ефек  та  -
ми вітаміну D.
Клю  чові сло  ва: вітамін D, гес  таційний цук  ро  вий діабет,
плацен  та, інсулін, імун  на відповідь.
Чан  дер П. Арора
Роль ви  та  ми  на D в мо  ду  ля  ции гес  та  ци  он  но  го са  хар  но  го 
ди  а  бе  та
Ре  зю  ме
Низ  кий уро  вень основ  ной цир  ку  ли  ру  ю  щей фор  мы ви  та  ми  на D у
бе  ре  мен  ных мо  жет быть фак  то  ром, вы  зы  ва  ю  щим про  яв  ле  -
ние  гес  та  ци  он  но  го  са  хар  но  го  ди  а  бе  та ( ГСД).  Не  дос  та  точ  -
ный уро  вень или де  фи  цит ви  та  ми  на D мо  жет стать при  чи  ной
ди  а  бе  ти  чес  ко  го ин  суль  та во вре  мя бе  ре  мен  нос  ти и при  во  дить
к ГСД, а так  же, как сле  дствие, к из  ме  не  нию функ  ци  о  ни  ро  ва  -
ния  раз  лич  ных клю  че  вых  мо  ле  кул и экс  прес  сии  ге  нов. Ауто-
крин  ный ме  та  бо  лизм ви  та  ми  на D по  вы  ша  ет про  ти  во  вос  па  ли  -
тель  ный от  вет на де  ци  ду  аль  ную об  олоч  ку и тро  фоб  ласт. Им-
му  но  мо  ду  ли  ру  ю  щее вли  я  ние ви  та  ми  на D мо  жет быть ни  ве  ли  -
ро  ва  но в усло  ви  ях его низ  ко  го уров  ня и со  про  вож  дать  ся от  ри  -
ца  тель  ны  ми  фи  зи  о  ло  ги  чес  ки  ми  по  сле  дстви  я  ми.  Пос  лед  ние
дан  ные по  ка  зы  ва  ют, что ауто- и па  рак  рин  ное де  йствие ви  та  -
ми  на D у бе  ре  мен  ных спо  соб  но од  но  вре  мен  но по  вы  шать ус-
той  чи  вость к ин  су  ли  ну и сни  жать сек  ре  цию по  след  не  го, свя  -
зан  ную с вос  па  ле  ни  я  ми и ме  та  бо  ли  чес  ки  ми рас  стро  йства  ми у
ма  те  ри. Инсу  лин и ци  то  ки  ны вно  сят основ  ной вклад в кас  -
кад со  бы  тий и яв  ля  ют  ся по  тен  ци  аль  ны  ми ре  гу  ля  то  ра  ми пла  -
цен  тар  ной функ  ции при ГСД. В этой статье пред  став  ле  ны
ре  зуль  та  ты  из  уче  ния  воз  мож  ных  ме  ха  низ  мов,  ле  жа  щих  в
осно  ве ГСД, ко  то  рые мо  гут ре  гу  ли  ро  вать  ся пле  йот  роп  ны  ми
эф  фек  та  ми ви  та  ми  на D.
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бет, пла  цен  та, ин  су  лин, им  мун  ный от  вет.
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